Background: Cervical ripening plays an important role in successful labor induction. Objective: This study aimed to compare the effects of misoprostol, laminaria tent, and isosorbide dinitrate (ISDN) on cervical ripening. Methods: This double-blind three-armed clinical trial was conducted at Shahidan Mombini Teaching Hospital in Sabzevar, Iran, in 2016 on 96 singleton term pregnant women. Participants were randomly allocated to receive either two 20-mg ISDN tablets vaginally every 4 hours for a maximum of three doses or 25 mcg misoprostol vaginally every 6 hours for a maximum of two doses or laminaria tent for a maximum of 12 hours. The method of randomization was covariate adaptive randomization and the primary outcome measures were Bishop Score changes and labor duration. SPSS software version 18 was used for statistical analyses. Kruskal-Wallis, chisquare and ANOVA tests were applied for data analyses. Results: Bishop Score changes were higher in the misoprostol group than in the two other groups (p=0.014). Time from start of medication to active phase of labor and delivery were 6.22±3.11 and 11.78±5.3 minutes in the misoprostol group, 11.25±3.07 and 17.62±4.07 minutes in the laminaria group, and 10.12±3.48 and 17.37±4.79 minutes in the ISDN group respectively (p<0.001). Cesarean rate was higher in the misoprostol group than the two other groups (p=0.016). No significant differences were observed between the study groups in terms of Apgar score and meconium-stained amniotic fluid. Conclusions: Use of misoprostol results in more improvement of Bishop Score and reduced length of labor phases in comparison to laminaria tent and ISDN.
Introduction
Labor induction before onset of spontaneous uterine contractions is usually performed where risks of pregnancy continuation is high for fetus and/or mother (1) . Induction of labor is one of the most common obstetrical interventions. In 2011, labor induction in the United States was performed in 23.2% of pregnancies while the corresponding figure in 1990 was 9.5% (2) . One of the important factors in labor induction success is cervical Page 6757 ripening. A review showed that cesarean rate was lower in women whose cervixes were ripened before induction than women who were directly induced with oxytocin. Labor induction with unripe cervix may also result in induction failure (3) , prolonged labor, and instrumental delivery (4) . Cervical ripening was usually assessed by Bishop Score. The Bishop Score system is a valid and reliable quantitative method to predict labor induction outcome. Results of a study to compare Bishop Score with other methods for assessing pre-induction cervical ripening, showed that other methods such as transvaginal ultrasound or vaginal fetal fibronectin, did not demonstrate superiority over the Bishop Score method (5) . There are different mechanical and cervical methods for preparing an unripe cervix. Selecting a method depends on its safety and efficacy (6) . Since 1980, misoprostol, a PGE1 synthetic analogue, has been used to ripen the cervix (7) . In a study by Vahid Roudsari, vaginal misoprostol was superior to Foley catheter in terms of delivery time and cesarean rate (8) . However, misoprostol may increase the risk of hyper stimulation, caesarean, neonatal intensive care unit (NICU) admission, and meconium passage especially in 50 mg dose (9) . Because most patients experience uterine contractions after the initial dose of misoprostol, it is usually considered a labor induction medication rather than a cervical ripener (3). Bearing in mind that an ideal medication must ripen the cervix without stimulating uterine activity, different medicine and methods were examined for cervical ripening. Isosorbide dinitrate (ISDN) and isosorbide mononitrate (ISMN) are vasodilators which produce nitric oxide. They were introduced as a relatively effective and safe method for pre-induction cervical ripening both orally and vaginally, without inducing uterine contraction (10) (11) (12) . Another benefit of nitric oxide is that it can be used in outpatient wards (13) . Results of a systematic review showed that nitric oxide donors can be useful in the process of cervical ripening in comparison to placebo; however, further research is needed to examine the impact of nitric oxide donors on labor duration and delivery outcomes (14) . Certain mechanical methods such as laminaria tent which is derived from Laminaria digitata, a large brown alga, may expand the cervix by absorbing water and gradually swelling. Laminaria tents have been used for cervical ripening especially during the second trimester of pregnancy (3) . In comparison with vaginal misoprostol, laminaria tent could facilitate hysteroscopic surgery better (15) . Regarding the role of cervical preparation on success of labor induction, it is important to find best methods with low side effects for cervical preparation in term pregnancies. To date, studies on the effects of laminaria in term pregnancies have been limited (16) . In addition, most studies were conducted to compare misoprostol and ISDN in term pregnancies. The aim of this study is to compare the effects of misoprostol, laminaria, and ISDN on cervical preparation before medical induction of labor.
Material and Methods

Trial design, setting and participants
This was a three-armed double-blind randomized clinical trial with parallel design, and was conducted at Shahidan Mombini Teaching Hospital of Sabzevar, Iran, from June 2016 to Feb 2017. Shahidan Mombini Hospital is the only hospital in Sabzevar, Iran, and it is affiliated with Sabzevar University of Medical Sciences. This hospital is one of the referral centers of Khorasan Razavi state, Iran. It includes obstetrics and gynecology care with an Obstetrics and Gynecology clinic. Term pregnant women (women with gestational age of 37> weeks) who were hospitalized for induction of labor were recruited. The gestational age was calculated according to the date of the last menstrual period (LMP) with ultrasound confirmation.
Selection criteria 2.2.1. Inclusion criteria:
Ninety-six healthy women were selected among 108 women, to participate in the study (Figure 1 ). The inclusion criteria were: 1) term singleton pregnancies with an indication for labor induction, 2) Bishop Score < 6, 3) cephalic presentation, 4) intact water bags, and 5) lack of any contraindication for vaginal delivery.
Exclusion criteria
Women with chronic diseases, vaginal bleeding, and those who had used any herbs orally or vaginally to induce labor were excluded from the study. Three women who had perforated water bags and 9 women who had Bishop Score > 6 were excluded from the study before randomization.
Questionnaires
A demographic questionnaire that includes information such as age, parity, history of abortion, and body mass index was completed first. Another questionnaire including labor progress and delivery of infant was completed during labor and after delivery. Several questions such as dilatation and effacement of the cervix, fetal head station, Bishop Score estimation, oxytocin usage, status of water bags, side effects of medicines, infant birth weight, Apgar score, and amniotic fluid transparency were collected. 
Interventions
In this clinical trial, 96 pregnant women who met the study criteria were recruited. Twelve women were excluded because they met at least one of the exclusion criteria. After knowing the aims of the study, consenting to participate in the study, and completing a demographic questionnaire, the women were allocated into three intervention groups for cervical preparation. In the misoprostol group, 25 mcg misoprostol was inserted into the posterior vaginal fornix. After 6 hours, the same dose of misoprostol was repeated if Bishop Score was lower than 8 and uterine contractions did not start. In the ISDN group, two 20-mg tablets were inserted into the posterior vaginal fornix. The medication was repeated two times, if after 4 hours Bishop Score was lower than 8 and uterine contractions did not start. In the laminaria group, after washing the vagina with an antiseptic solution and dilating it with a speculum, laminaria was inserted into the cervix with the help of a tenaculum. After 12 hours, the laminaria was removed if it was not expelled spontaneously. In cases of laminaria expulsion or after 12 hours, women were examined if they needed labor induction with oxytocin or the contractions had started. Induction with low dose oxytocin regime was considered when uterine contractions were absent after 12 hours. Similar approach was adopted after inserting 2 doses of ISDN and misoprostol. Cervical ripening was assessed by Bishop Score which estimated through vaginal examination. It is the most commonly used pre-induction scoring system (3). Bishop Score is calculated based on five parameters as follows, cervical dilation, effacement, position, and consistency and fetal station. The maximum score is 13. A score of 5 or less suggests that labor is unlikely to start spontaneously and induction is unlikely to be successful. Higher Bishop Score denotes better induction outcome (2) . Maternal vital signs were taken every 2 hours and monitoring for the evaluation of both uterine contraction and fetal heart rate was performed.
Outcomes
The primary outcomes of our study were Bishop Score improvement in a given time, time to active phase initiation, time to delivery in the three groups, and cesarean rate. The secondary outcomes were the adverse effects of the drugs during the course of the treatments, infants' outcomes including birth weight, Apgar scores of the first and fifth minutes, and length of stay in NICU.
Sample size
The sample size was calculated to be 32 subjects. This sample size was calculated based on the results of previous study (17) in which the mean and SD of Bishop score after 8 hours in misoprostol and ISDN groups were 5.6±0.5 and 5.3±0.4 and by assuming the test power of 80% and a confidence level of 95%. No study compared laminaria and misoprostol or ISDN in term pregnancies; so we had to apply the calculated sample size to the third group.
Randomization and blinding
The method of randomization was covariate adaptive randomization in which a new participant is consecutively assigned to a particular treatment group by considering the previous participants' assignments. The first participant was randomly assigned to one of the three treatments and the second participant was randomly assigned to one of the two remaining treatments (18) . For blinding, a gynecologist inserted laminaria into the cervical canal, and put misoprostol or isosorbide into the posterior fornix. Three midwives who were unaware of the treatment performed vaginal examinations. In addition, women were not informed which treatment they received. To prevent information bias in estimating the Bishop Scores, midwives' vaginal examinations were matched with each other before the study began.
Statistical methods
Data were analyzed using SPSS version 18 (SPSS Inc., Chicago, Illinois, USA). After normality assessment with one sample K-S test, Kruskal-Wallis and ANOVA tests were used to compare three methods regarding Bishop Score improvement, time to active phase initiation, time to delivery, and Apgar score. Bonferroni test was used to reveal significant differences in mentioned variables between each two groups. The rate of oxytocin administration and mode of delivery in the three groups were compared with chi-square tests.
Research ethics
The ethics committee of Sabzevar University of Medical Sciences approved the study proposal (IR.MEDSAB.REC.1394.3). All women who voluntarily participated in the study and signed a written consent form were subjected to randomization. They were informed that after agreeing o participate in the study they had the right to discontinue with the study whenever they wished without obligation to justify their decisions. There is no routine treatment for unripe cervix and obstetricians usually use misoprostol because of its availability. All medicines were provided by the researchers to the patients, without charge. In case of any significant side effects, the treatment was stopped and the patient was excluded from the study. Moreover, researchers were responsible for any further physical, psychological, and financial expenses.
Results
Comparisons of the women's characteristics in the three groups are presented in Table 1 . The three groups were not different in maternal height, weight, gestational age, parity, maternal age, history of abortion, and Bishop Score before the interventions. Table 2 shows the effects of three interventions on cervical Bishop Score, time between preparation to active phase, time between preparation to delivery, time between induction with oxytocin to delivery, frequency of induction with oxytocin, and cesarean rate. There were significant differences between groups in all mentioned variables. Two-group comparisons using the Tukey HSD test revealed that means of time to active phase (p<0.001), time to delivery (p<0.001), and time from induction with oxytocin to delivery were significantly lower in the misoprostol group than the isosorbide group (p=0.033). In addition, means of time to active phase (p<0.001) and time to delivery (p<0.001) were significantly lower in the misoprostol group than the laminaria groups. Time from induction with oxytocin to delivery (p=0.056) were not different between the misoprostol group and the laminaria group. Means of Bishop Scores changes were higher in the misoprostol group than in the isosorbide groups (p=0.005). Means of Bishop Scores changes were not different in the misoprostol group than the laminaria groups (p=0.078). No difference was observed between laminaria and ISDN in all comparisons. Results indicated that frequency of cesarean was different in the three groups (p=0.016). In the laminaria group, reasons for cesarean were failure to progress (2 cases) and fetal distress accompanied with meconium-stained liquor (3 cases). In the misoprostol group, reasons for cesarean were fetal distress accompanied with meconium-stained liquor (2 cases), uterine hyper tonicity (1 cases), and failure to progress (4 cases). Comparison of infant Apgar in the three groups is shown in Table3. First-minute Apgar score was not different in the three groups (p=0.362), but it was significantly different after 5 minutes (p=0.002). Tukey HSD test revealed that the mean of five-minute Apgar score was significantly lower in the misoprostol group than the two other groups (p=0.007). No infants were hospitalized in NICU. Meconium-stained liquor was observed in five cases of the misoprostol group, four cases of the laminaria group, and two cases of the isosorbide group. 
Discussion
There are different methods to prepare the cervix for induction in the first and second trimester of pregnancy, however, no method has been found to be the best for cervical ripening in term pregnancies. This study was conducted to compare the effects of misoprostol and two other available methods on cervical ripening, labor duration, applying oxytocin, mode of delivery, and Apgar score. Results showed that the three groups were not different regarding confounding and background variables except primigravidity; however, no study demonstrated that having a history of spontaneous or induced abortion in primigravidas may affect cervical ripening process. Bishop Score changes after 12 hours were higher in the misoprostol group than the ISDN and laminaria groups. The lowest change was observed in the ISDN group. Guha's study on both primi-and multiparas with administration of 50 mcg misoprostol and 40 mg MSD every 6 hours, found that changes in cervical score were higher in the misoprostol group than in the IMN group (19). Chanrachakul's study also found that cervical ripening with IMN was less effective than misoprostol (18) . Results were not in agreement with Haghighi's study which found no difference in Bishop Score changes after 8 hours between ISDN and Misoprostol groups (17) . The difference between the two studies may be due to the fact that participants in Haghighi's study were all nulliparous, who have lower response to induction than multiparas, while in our study, 40% of women were multiparous. Guha's study was also conducted on both primi-and multiparas. Mean time between receiving medication to entering active phase, mean time between inductions to delivery, and mean time between cervical preparations to delivery were shorter in the misoprostol group than the ISDN and laminaria groups while there was no difference between ISDN and laminaria groups. Results were in harmony with previous studies (17, 19, 20) . In Dhillon's study on 50 women, the efficacy and safety of IMN and misoprostol vaginal tablets, applied for cervical ripening prior to suction evacuation of the first trimester abortion were compared. Frequency of doses, induction to ripening interval and intra operative blood loss was significantly higher with the isosorbide mononitrate group as compared to the misoprostol group. Headache and palpitation were the main side effects of IMN. They concluded that misoprostol was a better cervical dilator than IMN in first trimester pregnancy termination with minimal side effects (20) . In 62 women, no uterine contraction began 12 hours after medication. Induction with low dose oxytocin regime was started in these cases. The rate of induction with oxytocin was the most in the ISDN group and the least in the misoprostol group. In other words, inserting vaginal misoprostol may increase the chance of spontaneous labor contractions while oxytocin for contraction initiation was indicated in women in the other two groups. In Haghighi's study, labor induction was applied more frequently in the ISDN group than the misoprostol group (17) . In Chanrachakul's study, oxytocin was indicated in 92% of the IMN group and 11% of the misoprostol group (18) . In other words, misoprostol vaginal tablet can ripen the cervix and then initiate labor contractions while ISDN or IMN cannot induce uterine contractions. Despite obtaining good results in the misoprostol group, more cesarean was performed in this group than the laminaria group which is in agreement with previous studies (8, 21) . That may be due to uterine hyper tonicity caused by misoprostol which result in fetal distress and emergency cesarean. No cesarean was performed in the ISDN group. In Guha's study, cesarean delivery occurred in 23% in the IMN group and 31% in the misoprostol group (19) . In Khayat's study on 395 women, there were higher cesarean rates and uterine hyperstimulation in the misoprostol group (22.8%) than Foley catheter combined with vaginal IMN (33.3%) in term and post-term pregnancies (21) . Fortunately, no infant hospitalized in NICU and no difference was observed between groups in terms of meconium-stained amniotic fluid. Although 5-minute Apgar score was lower in the misoprostol group, the difference was not a valuable clinical finding. In Guha's study, fetal side effects were less in the IMN group than the misoprostol group (19) . Regarding side effects, women in the laminaria group did not report any side effect while women in the ISDN group experienced the most side effects. In this study, we compared three common and available cervical ripening methods in Iran. Considering the fact that vaginal delivery is the most important outcome and ISDN showed mild unimportant side effects, ISDN was the best method for cervical ripening. We recommend that in future studies combined methods such as laminaria and ISDN/misoprostol be compared to reduce side effects and increase the efficacy of interventions. Our sample consisted of both primi-and multiparas. Since parity may play a role in cervical ripening and response to induction with oxytocin, we recommend that in future studies this variable be considered and sample size be increased to provide comparisons in both primi-and multiparas. One of the limitations of this study was that we did a vaginal examination every 2 hours. It is possible that Bishop Score had changed during the time between two examinations so we could not record it precisely. Another limitation of the study was that there were several psychological variables which may interfere with the improvement of Bishop Score and labor progress that we could not control. The strong point of this study is that we could apply two new methods, and compared three methods in term pregnant women. In addition, laminaria has usually been used in the second trimester of pregnancy while we applied it in term pregnancies. Finally, we achieved similar results with applying low dose misoprostol and ISDN in comparison to previous studies which used a double dose of both medicines.
Conclusions
Misoprostol is more effective than ISDN and laminaria tent for ripening of cervix before induction, and can decrease labor duration and time to delivery. However, cesarean rate due to fetal distress was higher in the misoprostol group than the laminaria and ISDN groups. In contrast, ISDN had a higher rate of vaginal delivery. Although mild side effects were seen after applying ISDN vaginal tab, those side effects did not intervene with the labor and delivery process, and did not increase cesarean rate. Considering the fact that the most important expected outcome is vaginal delivery rate, ISDN is the best method in our study. We recommend more studies to examine side effects of isosorbide dinitrate on fetus and mothers during early postpartum. Since we applied a low dosage of ISDN, further study on the use of isosorbide dinitrate with higher dosage on primiparas is a good path for the continuing research in this subject.
